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Design and Test of Urea — SCR Control System for Diesel Engine
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Abstract; SCR after-treatment is the mainstream technology to reduce the NO, emission amount. The
self-developed SCR system’ s composition, operating and reactor mechanism were presented, and the
coordinate control strategy was used to assure that the system’ s inner module was operated regularly, the
original emission model and chemical reaction kinetics model were adopted to obtain the raw value of urea
supply amount, the exhaust temperature correction model was introduced to fix the instantaneous emission
temperature, the relation between exhaust temperature and amount of NH, storage was used to effectively
control the NH; leak amount, and failure warning was made according to the OBD regulation when NO,
emission exceeded the standard. Each operation point had a NH, coverage ratio threshold which can
ensure NH, leakage volume ratio was less than 1.0 x 10 during the rapid heating process and try to
improve the NO_ conversion efficiency. According to the research results of the NH, coverage ratio and
storage, the estimation model was established, and the leakage control strategy was put forward. The
sensors and actuators of the system, original machine emission MAP and target conversion rate MAP were
calibrated. The dosing control unit using above control strategy was adopted in the target engine. Test
results showed that the brake specific emissions of NO_ in ESC and ETC were 1.52 ¢/(kW +h) and
2.09 g/(kW-h), respectively, which indicated that the self-developed SCR control system can
effectively reduce the NO_ emission amount and reach the national [V emission regulation.
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Fig. 1 Composition of SCR system
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Fig.2  Structure of control system
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Tab.1 Urea dosing changes under A to B

operation conditions

i B/ C (LIS JREBUH it/ (mL-h ™)
366 1. 60 758
348 1. 46 695
330 1.33 632
312 1.22 579
294 111 526
273 1.00 474

x2 CEDIREAREBRHFETL
Tab.2 Urea dosing changes under C to D

operation conditions

R/ C (LN JREBUH it/ (mL-h ™)
295 1.00 1556
315 0. 96 1564
335 0.94 1573
355 0.93 1586
370 0.91 1 650
381 0.91 1700

2.3 gittimEE R

i ) S W 0 A g > R A R AT Sl AS D
HENL T RE S BT SRR A bR B S R . A
Bl 8 Jr 7, s ) Bk M 2 AT HE AL A S B 36 O,
IS5 & FH BB T L O, S5 I HE 8, 22 18 5 PR (L )
e PID P il i A PR R AL g i SR H bR R
O, M5 S 0 H AR 1 3 J3E T 2 7

EfER
BEEL

B8 iU ik o A
Fig.8 NH, leakage control model

RIS KB, & S HLHE R 5 A T 28 5 K fif 2 A7
TEAH B2 W FL, HE Tk 78 e b 2 e KA 21 dk R AIR .
ESC TA Wy HFIR E /& T ETC T.0, 7EARHER (/N T
350°C ) & ESC Lty H s 8 w5 e T ETC T
UL, BEE R T, 2 H AR A B il 2 th 20 Wl
UL, WE 9 iR .
2.4 AR OR BE

MR B KW AL A B IR AR T - 11C Ry 2
125 R R SE LT Y1/ 7 8 N W ok L



%2 1

IS S5 eIl AL Urea — SCR 5l KA ¥ T 5 il 56 353

0.045
0.040 il —ESC

j 0035 - ETC
0.030 iy

S 0.025
ﬁo.ozo
%0.015
%0.010
0.005 : : : . . - . ;
130 180 230 280 330 380 430 480 530

A3 iR P
9 NH, &L B inE 5L

Fig.9 NH, optimal target coverage curves

R F VAR AR T — 10°C I of J 22 L 25 2 e
PR B R B R R R R
T bR A8 B, 2 E Y 0 A o e P R A 4 o
R B HLV H ARG FR SF X AT A4 5 TR A R %
B B e P B AR e X AT B L
I JR 2 VR EE TH v B 7°C LA b I H R R 6 A
PAER
2.5 NO, HER BRI T 5 5 BE

OBD #: ML %3R4 DCU K& 3] NO, F ki it 48
i 5 g/ (kW -h) 780 SOREAT o A B NO, FLHE
R 7 e/ (kW eh) | BRHEAT LA B AE , 3E 7 305
FHAE PR 2% H AR I AR 4% A AL 2% | R UiF NO, %
JE TR Y R TR NO, B AR M4 HE i BR
090 S 244 7 000 P 280 25 B AR, 3 e A 5 4 L R A
NO, HEMCR 75 48 b5, K000 0 7 0 B 10 TR AR e
OBD ZsR 10 SR Z MR, 4 1 1 HC 7 Bt ETC
MERIEFR NO, HERLSE 355 5. 61 ¢/ (kW - h) i, i
BT S0 5 0% PR 2 VA A 1 3 L IR B NO, HLHE i
9 7.73 g/ (KW-h) iF, OBD Z& 45 8 i 4 b AT 36 1 5
AR

LT

AL A% FE
KF2100C?

BRI e

1 3HENO R i
QT IEF S ?

U F i
AR PR 2%

XENO, S MR M
SEIRHCRIL T B

10 NO, HE O AR A I i 72
Fig. 10  Testing process of NO_ emissions exceed standard
3 SCR ZZIRTE
SCR £ 4t B A5 & S R 318 K sl LA RE F0HF vk M

R 3 I 0 R B W S R PR R W e, 22 1l R
B EALHE T MAP, A5 %€ T H R AT Vector 24 1)
PR E B A CANape , iZ 8 AT AT 4% B0 4 38 2 40k
FT e # Kol s, I Al b MAP FAT & 45 S AT e & 18
iEo BCEMMERE D mE 1 s, bl E EE
oI R AL ML (SCR 5 il &% ) o b A2 Bl (Fp & 4K
CANape) 4H i, .

11 CANape #5 E 51
Fig. 11

CANape calibration interface

3.1 (ERENERE

A R TIE 2 ) 5 R B 1 Y A A A, 3 T
L RES HEFT AR , T B S NO, f& A I 15 R
i AR B SR 2 AR A A . o NO, %
JEAS i CAN 15 DCU BEAT 545 CAN i 30 % %
B DCU DA™ o 086 i 5 b 19 15 IR AR L 5
k3 iR,

£3 HERTHERE

Tab.3 Calibration of sensors

18 S 25 2641 5
Al 2 T A5 R R PT200 1471 $A L B 3%
JE 7 % Ik 2 5 7 MPM388 78 F fH 3%
NO, & Kbt NO, ft ks
PR WA A% R A HR - FZ 7
&SI MJD —3. 3K —3970NTC %!

3.2 BIERERFENIRE
PR E W T T — R =S A 7
VAR 5 F T DR 3% U W VO S R S Bk L s
B P M SR T A0 25 7 K oty s P I S BUPUE B 8, i
T ) WS S 1 238 2 A /0N o 2 P I (0 S I I 3 0T U
X R 2R W W P % S5 A R AT AR R, O vk e AR E E 1Y
WSS ), b A R RS R R
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T W A I R 2, R AR T LA o S P A G S
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UnTE 12 B W R S s R A
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mg =1.204x - 0. 002 2 (10)
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Tab.4 Experimental test equipment
75 g 1
6 Gl HEiE 6.5 L BUE U1 132 kW |

1 58 Sl L R A 660 Nom

2 AVL4000 Wi SCR Tl NO, ki

3 SCR f#EfL 2% HLHE (13,5 L.400 H /-7 ge)

4  ECU @ if% O 5% 00 2 008 32 TR P 7

5  SEMTECH - DS I AL A 13 NO, S5k B2

p AVL PUMA OPEN & & sl L% ¥ . 0 ff il i T4 B .
1.2 KR A

7 PI]F LDS6 I 2kl I U

8  SEMTECH - FEM2 {8 & < i it 3

4.2 RIELE
K AHLACR N T2 AE 85°C 24, HES IR B #2
£ 500°C LA, & Sh AL H S & 5 min 5,3 5% NO,
A 2 o ESC G 20 HE R 4 @, A By 1k 20l e, 24
Hbr & 55 BN 4k F5 8K K F . ESC I3k 25 21 n
5 PR MBOT E A3 20 B NO b HE ik
x5 ESCHAMMAER(FE)

Tab.5 ESC emission test results ( average value)

¥ NO, Tl NO, T il NH, HeA

T A RB RB JihE g/

Foie o o (kg-h™")
1 1.93x10°*  2.26x10°* 0 138
2 1.07x107% 2.03x10"* 1.4x10"°°¢ 413
3 6.90x10°*  9.7x107°  8.4x10°° 480
4 9.60x10°* 1.30x10°* 2.5x10°°¢ 557
5 8.80x10°* 1.50x10"* 3.3x10°° 317
6 1.01x107% 2.35x10°*  9.0x1077 361
7 5.10x10°*  3.20x10°* 0 286
8 1.155x107% 1.10x107* 1.5x107° 620
9 4.14x10°% 2.30x10°* 1.67x107° 409
10 8.97x10°*  6.0x107° 8.0x10°° 783
11 3.05x10°%  1.80x10"* 1.21x10°° 572
12 6.70x10°*  6.5x10°° 7.8 x10°° 753
13 5.08x10°*  3.6x107° 1.72x10°° 708

8.63 g/ (kW-h), Fiit NO, FLHEcE R 1.52 ¢/ (kW -h),
45 e Ak ik %k 82.4% , NH, By 7 43t I B
7.23 x10°°,

ETC F ¥ HE AR X ESC i FR 8K, 2 $2 % NO,
R S 5 B AR R 85 8 KT, I 2 4 e DR
RS i, ETC 26 I 45 R an 181 16 (17 Fir s, fin
BOTHEEE] Fi NO, FeHFicE R 9.21 ¢/ (kW-h),
T NO, HeHERCE 9 2.09 ¢/ (kW -h) ,NO, -5 %%
R # R 77.3% , NH, (1 - 2 3t & 2 9. 17 x
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Fig. 16 Upstream and downstream NO_ concentrations of
ETC emission test
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